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Search for super symmetry using final states with one lepton, jets, and missing 
transverse momentum with the ATLAS detector in ^/s = 7 TeV pp colhsions 
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The ATLAS Cohaboration 

This Letter presents the first search for supersymmetry in final states containing one isolated 
electron or muon, jets, and missing transverse momentum from ^/s — 7 TeV proton-proton collisions 
at the LHC. The data were recorded by the ATLAS experiment during 20f0 and correspond to a 
total integrated luminosity of 35 pb~^. No excess above the standard model background expectation 
is observed. Limits are set on the parameters of the minimal supergravity framework, extending 
previous limits. For Ao = GeV, tan/3 = 3, /i > and for equal squark and gluino masses, gluino 
masses below 700 GeV are excluded at 95% confidence level. 

PACS numbers: 12.60.Jv, 14.80.Ly 
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Many extensions of the standard model predict the 
existence of new colored particles, such as the squarks 
(g) and gluinos (g) of supersymmetric (SUSY) the- 
ories Q, which could be accessible at the LHC. 
The dominant SUSY production channels are squark- 
(anti)squark, squark-gluino, and glnino-glnino pair pro- 
duction. Squarks and gluinos are expected to decay to 
quarks and gluons and the SUSY partners of the gauge 
bosons (charginos, X , and neutralinos, X ), leading to 
events with energetic jets. In R-parity conserving SUSY 
models Q, the lightest supersymmetric particle (LSP) 
is stable and escapes detection, giving rise to events 
with significant missing transverse momentum. In decay 
chains with charginos (^l qX , g Iq'^ )i chargino 
decay to the LSP can produce a high-momentum lepton. 
Currently, the most stringent limits on squark and gluino 
masses come from the LHC 3] and from the Tevatron 0- 



This Letter reports on a search for events with exactly 
one isolated high-transverse momentum (pt) electron or 
muon, at least three high-px jets, and significant missing 
transverse momentum. An exact definition of the signal 
region will be given elsewhere in this Letter. From an 
experimental point of view, the requirement of an iso- 
lated high-pT lepton suppresses the QCD multijet back- 
ground and facilitates triggering on interesting events. 
In addition to the signal region, three control regions 
are considered for the most important standard model 
backgrounds. A combined fit to the observed number 
of events in these four regions, together with an inde- 
pendent estimate of jets misidentified as leptons in QCD 
multijet events, is used to search for an excess of events 
in the signal region. 

The analysis is sensitive to any new physics leading to 
such an excess, and is not optimized for any particular 
model of SUSY. The results are interpreted within the 
MSUGRA/CMSSM (minimal supergravity /constrained 
minimal supersymmetric standard model) framework i^, 

in terms of limits on the universal scalar and gaugino 



mass parameters tuq and mi/2- These are presented for 
fixed values of the universal trilinear coupling parame- 
ter Aq = GeV, ratio of the vacuum expectation values 
of the two Higgs doublets tan/3 = 3, and Higgs mixing 
parameter /i > 0, in order to facilitate comparison with 
previous results. 

The ATLAS detector [9| is a multipurpose particle 
physics apparatus with a forward-backward symmetric 
cylindrical geometry and near Att coverage in solid an- 
gle [l3|. The inner tracking detector (ID) consists of a 
silicon pixel detector, a silicon microstrip detector (SCT), 
and a transition radiation tracker (TRT) . The ID is sur- 
rounded by a thin superconducting solenoid providing a 
2 T magnetic field, and by high-granularity liquid-argon 
(LAr) sampling electromagnetic calorimeters. An iron- 
scintillator tile calorimeter provides hadronic coverage in 
the central rapidity range. The end-cap and forward re- 
gions are instrumented with LAr calorimetry for both 
electromagnetic and hadronic measurements. The muon 
spectrometer (MS) surrounds the calorimeters and con- 
sists of three large superconducting toroids, a system of 
precision tracking chambers, and detectors for triggering. 

The data used in this analysis were recorded in 2010 
at the LHC at a center-of-mass energy of 7 TeV. Appli- 
cation of beam, detector, and data-quality requirements 
results in a total integrated luminosity of 35 pb~^, with 
an estimated uncertainty of 11% [1]|. The data have 
been selected with single lepton (e or /i) triggers. The 
detailed trigger requirements vary throughout the data- 
taking period, but the thresholds are always low enough 
to ensure that leptons with > 20 GeV lie in the efh- 
ciency plateau. 

Fully simulated Monte Carlo event samples are used to 
develop and validate the analysis procedure, compute de- 
tector acceptance and reconstruction efhciency, and aid 
in the background determination. Samples of events for 
background processes are generated as described in de- 
tail in Rcf. [12]. For the major backgrounds, top quark 
pair and W+jets production, MC@NLO 13] v3.41 and 



2 



ALP GEN [ij] v2.13 are used. Further samples include 
QCD multijet events, single top production, diboson pro- 
duction, and Drell-Yan dilepton events. 

Monte Carlo signal events are generated with Her- 
wig++ [ill v2.4.2. The SUSY particle spectra and de- 
cay modes are calculated with ISAJET ^ v7.75. The 
SUSY samples are normalized using next-to-leading or- 
der (NLO) cross sections as determined by Prospino [17 1 
v2.1. All signal and background samples are produced 
using the ATLAS MC09 parameter tune [l8| and a 
GEANT4 based ^ detector simulation 

Criteria for electron and muon identification closely 
follow those described in Ref . [2l| . Electrons in the signal 
region are required to pass the "tight" selection criteria, 
with pt > 20 GeV and \r]\ < 2.47. Events are always 
vetoed if a "medium" electron is found in the electromag- 
netic calorimeter transition region, 1.37 < \r]\ < 1.52. 

Muons are required to be identified either in both ID 
and MS systems (combined muons) or as a match be- 
tween an extrapolated ID track and one or more segments 
in the MS. The ID track is required to have at least one 
pixel hit, more than five SCT hits, and a number of TRT 
hits that varies with rj. For combined muons, a good 
match between ID and MS tracks is required, and the pt 
values measured by these two systems must be compat- 
ible within the resolution. The summed pT of other ID 
tracks within a distance AR = ^/(ATy)^ + (Acj))^ < 0.2 
around the muon track is required to be less than 1.8 
GeV. Only muons with px > 20 GeV and |?7| < 2.4 are 
considered. For the final selection, the distance between 
the z coordinate of the primary vertex and that of the 
extrapolated muon track at the point of closest approach 
to the primary vertex must be less than 10 mm. 

Jets are reconstructed using the anti-fct jet cluster- 
ing algorithm [g^] with a radius parameter R — 0.4. 
The inputs to this algorithm are clusters of calorimeter 
cells seeded by cells with energy significantly above the 
measured noise. Jets are constructed by performing a 
four-vector sum over these clusters, treating each cluster 
as an {E,p) four- vector with zero mass. Jets are cor- 
rected for calorimeter non-compensation, upstream ma- 
terial and other effects using pT- and ry-dependent cali- 
bration factors obtained from Monte Carlo and validated 
with extensive test-beam and collision-data studies psj . 
Only jets with px > 20 GeV and \t]\ < 2.5 are consid- 
ered. If a jet and a "medium" electron are both identified 
within a distance AR < 0.2 of each other, the jet is dis- 
carded. Furthermore, identified "medium" electrons or 
muons are only considered if they satisfy AR > 0.4 with 
respect to the closest remaining jet. Events are discarded 
if they contain any jet failing basic quality selection cri- 
teria, which reject detector noise and non-collision back- 
grounds [24 1 . 

The calculation of the missing transverse momentum, 
E^^^^, is based on the modulus of the vectorial sum of the 
Pt of the reconstructed objects (jets with px > 20 GeV, 



but over the full calorimeter coverage jryj < 4.9, and the 
selected lepton), any additional non-isolated muons and 
the calorimeter clusters not belonging to reconstructed 
objects. 

Events are required to have at least one reconstructed 
primary vertex with at least five associated tracks. The 
selection criteria for signal and control regions are based 
on Monte Carlo studies prior to examining the data. The 
signal region is defined as follows. At least one identified 
electron or muon with px > 20 GeV is required. Events 
are rejected if they contain a second identified lepton with 
Px > 20 GeV, because they are the subject of a future 
analysis. At least three jets with px > 30 GeV are re- 
quired, the leading one of which must have px > 60 GeV. 
In order to reduce the background of events with fake 
^miss fj.Q]^ mismeasured jets, the missing transverse mo- 
mentum vector E^^'^'^ is required not to point in the di- 
rection of any of the three leading jets: A0(jetj, E^^^^^) > 
0.2 {i = 1, 2, 3). The transverse mass between the lepton 
and the missing transverse momentum vector, tox = 



2 • p^ • E^'^"" ■ (1 - cos(A0(f , is required to be 

larger than 100 GeV. S^'"" must exceed 125 GeV and 
must satisfy E!^^^^ > 0.25 moff, where the effective mass 
TOcff is the scalar sum of the px of the three leading jets, 
the Px of the lepton, and E^^^^. Finally, a cut is applied 
on the effective mass: rrics > 500 GeV. The efficiency for 
the SUSY signal in the MSUGRA/CMSSM model de- 



fined earlier varies between 0.01% for mi 



/2 



100 GeV 



and 4% for mi/2 = 350 GeV, with a smaller dependence 
on mo, for the electron channel and the muon channel 
separately. The inefficiency is dominated by the leptonic 
branching fractions in the SUSY signal. 

Backgrounds from several standard model processes 
could contaminate the signal region. Top quark pair 
production and Vl^-|-jets production backgrounds are es- 
timated from a combined fit to the number of observed 
events in three control regions, using Monte Carlo sim- 
ulations to derive the background in the signal region 
from the control regions. The background determina- 
tion of QCD multijet production with a jet misidentified 
as an isolated lepton is purely data driven. Remaining 
backgrounds from other sources are estimated with sim- 
ulations. 

The three control regions have identical lepton and jet 
selection criteria as the signal region. The top control 
region is defined by a window in the two-dimensional 
plane of 30 GeV < Ef^'^^ < 80 GeV and 40 GeV < mx < 
80 GeV and by requiring that at least one of the three 
leading jets is tagged as a 6-quark jet. For the 6-tagging, 
the secondary vertex algorithm SVO is used, which, 
for Px = 60 GeV jets, provides an efficiency of 50% for b- 
quark jets and a mistag rate of 0.5% for light-quark jets. 
The W control region is defined by the same window 
in the E!f'^^ — mx plane, but with the requirement that 
none of the three hardest jets is 6-tagged. The QCD mul- 
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tijet control region is defined by demanding low missing 
transverse momentum, E^^^^ < 40 GeV, and low trans- 
verse mass, Tot < 40 GeV. This QCD control region is 
only used to estimate the QCD multijet background con- 
tribution to other background regions but not to the sig- 
nal region. Instead, the electron and muon identification 
criteria are relaxed, obtaining a "loose" control sample 
that is dominated by QCD jets. A loose-tight matrix 
method, in close analogy to that described in Ref. , is 
then used to estimate the number of QCD multijet events 
with fake leptons in the signal region after final selection 
criteria: 0.0j:°:o 

in the muon channel and O.O^q'q in the 

electron channel. 

Data are compared to expectations in Figure [TJ The 
standard model backgrounds in the figure are normalized 
to the theoretical cross sections, except for the multi- 
jet background which is normalized to data in the QCD 
multijet control region. The data are in good agreement 
with the standard model expectations. After final selec- 
tion, one event remains in the signal region in the elec- 
tron channel and one event remains in the muon chan- 
nel. Figure [1] also shows the expected distributions for 
the MSUGRA/CMSSM model point toq = 360 GeV and 
TOi/2 = 280 GeV. 

A combined fit to the number of observed events in 
the signal and control regions is performed. The as- 
sumption that the Monte Carlo is able to predict the 
backgrounds in the signal region from the control re- 
gions is validated by checking additional control regions 
at low Tot and at low E^^'^^. The defined control re- 
gions are not completely pure, and the combined fit takes 
the expected background cross-contaminations into ac- 
count. The likelihood function of the fit can be written 
as: L(n|s,b, 0) = Ps x -Pw x Ft x Pq x Csyst, where n 
represents the number of observed events in data, s is the 
SUSY signal to be tested, b is the background, and 6 rep- 
resents the systematic uncertainties, which are treated as 
nuisance parameters with a Gaussian probability density 
function. The four P functions in the right hand side 
are Poisson probability distributions for event counts in 
the defined signal (S) and control regions (W, T, and Q 
for W, top pair and QCD multijets respectively), and 
Csyst represents the constraints on systematic uncertain- 
ties, including correlations. 

The dominant sources of systematic uncertainties in 
the background estimates arise from Monte Carlo mod- 
eling of the shape of the E^^^^ and tot distributions in 
signal and control regions. These uncertainties are de- 
termined by variation of the Monte Carlo generator, as 
well as by variations of internal generator parameters. Fi- 
nite statistics in the background control regions also con- 
tributes to the uncertainty. Experimental uncertainties 
are varied within their determined range and are domi- 
nated by the jet energy scale uncertainty [i^, ^-tagging 
uncertainties, and the uncertainty on the luminosity. 

Systematic uncertainties on the SUSY signal are esti- 
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FIG. 1: Top: E!^^"" distribution after lepton and jet selection. 
Center: rriT distribution after lepton and jet selection. Bot- 
tom: Effective mass distribution after final selection criteria 
except for the cut on the effective mass itself. All plots are 
made for the electron and muon channel combined. Yellow 
bands indicate the uncertainty on the Monte Carlo predic- 
tion from finite Monte Carlo statistics and from the jet energy 
scale uncertainty. 
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mated by variation of the factorization and renormaliza- 
tion scales in Prospino and by including the parton den- 
sity function (PDF) uncertainties using the eigenvector 
sets provided by CTEQ6 Uncertainties are calcu- 

lated separately for the individual production processes. 
Within the relevant kinematic range, typical uncertain- 
ties resulting from scale variations are 10-16%, whereas 
PDF uncertainties vary from 5% for qq production to 
15-30% for gg production. 

The result of the combined fit to signal and control re- 
gions, leaving the number of signal events free in the sig- 
nal region while not allowing for a signal contamination 
in the other regions, is shown in Table ID The observed 
number of events in data is consistent with the standard 
model expectation. 

Limits are set on contributions of new physics to the 
signal region. These limits are obtained from a second 
combined fit to the four regions, this time allowing for a 
signal in all four regions, and leaving all nuisance parame- 
ters free. The limits are then derived from the profile like- 
lihood ratio, A(s) = -2(lnL(n|s, b, 0) - In L(n|s, b, 0)), 
where s, b and 6 maximize the likelihood function and b 

and 6 maximize the likelihood for a given choice of s. In 
the fit, s and s are constrained to be non-negative. The 
test statistic is A(s). The exclusion p- values are obtained 
from this using pseudo-experiments and the limits set are 
one-sided upper limits |28| . 

From the fit to a model with signal events only in the 
signal region, a 95% CL upper limit on the number of 
events from new physics in the signal region can be de- 
rived. This number is 2.2 in the electron channel and 2.5 
in the muon channel. This corresponds to a 95% CL up- 
per limit on the effective cross section for new processes 
in the signal region, including the effects of experimen- 
tal acceptance and efficiency, of 0.065 pb for the electron 
channel and 0.073 pb for the muon channel. 

Within the MSUGRA/CMSSM framework, the resuhs 
are interpreted as limits in the mo — mi/2 plane, as shown 
in Figure [2] For the model considered and for equal 
squark and gluino masses, gluino masses below 700 GeV 
are excluded at 95% CL. The limits depend only moder- 
ately on tan /3. 

In summary, the first ATLAS results on searches for 
supersymmetry with an isolated electron or muon, jets, 
and missing transverse momentum have been presented. 
In a data sample corresponding to 35 pb~^, no sig- 
nificant deviations from the standard model expecta- 
tion are observed. Limits on the cross section for new 
processes within the experimental acceptance and effi- 
ciency are set. For a chosen set of parameters within 
MSUGRA/CMSSM, and for equal squark and gluino 
masses, gluino masses below 700 GeV are excluded at 
95% CL. These ATLAS results exceed previous limits set 
by other experiments 
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FIG. 2; Observed and expected 95% CL exclusion limits, as 
well as the ilcr variation on the expected limit, in the com- 
bined electron and muon channels. Also shown are the pub- 
lished limits from CMS CDF [|L and DO and the 
results from the LEP experiments [29( ]. 
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TABLE I: Numbers of observed events in the signal and background control regions, as well as their estimated values from the 
fit (see text), for the electron (top part) and muon (bottom part) channels. The central values of the fitted sum of backgrounds 
in the control regions agree with the observations by construction. For comparison, nominal Monte Carlo expectations are 
given in parentheses for the signal region, the top control region and the W control region. 



Electron channel 


Signal region 


Top region 


W region 


QCD region 


Observed events 


1 


80 


202 


1464 


Fitted top events 
Fitted W/Z events 
Fitted QCD events 


1.34 ±0.52 (1.29) 
0.47 ± 0.40 (0.46) 


65 ± 12 (63) 
11.2 ±4.6 (10.2) 
3.7 ±7.6 


32 ± 16 (31) 
161 ± 27 (146) 
9 ±20 


40± 11 

170 ± 34 
1254 ± 51 



Fitted sum of background events 1.81 ± 0.75 80 ± 9 202 ± 14 1464 ± 38 



Muon channel Signal region Top region W region QCD region 



Observed events 


1 


93 


165 


346 


Fitted top events 
Fitted W/Z events 
Fitted QCD events 


1.76 ±0.67 (1.39) 
0.49 ±0.36 (0.71) 


85 ± 11 (67) 
7.7 ±3.3 (11.6) 
0.3 ± 1.2 


42 ± 19 (33) 
120 ± 26 (166) 
3± 12 


50 ±10 
71 ± 16 
225 ± 22 


Fitted sum of background events 


2.25 ± 0.94 


93± 10 


165 ± 13 


346 ± 19 
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T. Adyei30, S. Aefsky^^, J.A. Aguilar-Saavedrai^sb.o^ 

M. Aharrouche^^^ S.P. Ahlen^i, F. Ahles^^ 

A. Ahinad"9, M. Ahsan^", G. Aicllii34a,i34b^ 

T. Akdogan^sa^ T.P.A. Akesson^o, G. Akimotoi^^, 

A.V. Akimov M.S. AlamS M.A. Alam^^^ 

S. Albrand5^ M. Alcksa^^, I.N. Aleksandrov^^ , 

M. Aleppo^o^'^o*^, F. Alessandria^"^, C. Alexa^S'^, 

G. Alexander's*, G. Alexandre*^, T. Alexopoulos^, 

M. Alhroob^", M. Alicvl^ G. Alimonti^"^, J. Alisoni^i, 

M. Aliyevi°, P.P. AUport^^^ S.E. AUwood-Spiers^^^ 

J. Almond«^ A. Aloisio^O'^'^'iO'^^, R. Alon'^^ 

A. Alonso^", M.G. Alviggii03a,i03b^ ^ Amako^e, 

P. AmaraP^, C. Amelung^^, V.V. Ammosov'^^, 
A. Amorim'^S''''', G. Amoros'^^, N. Amram'^*, 

C. Anastopoulos"", T. Andocn-'^'*^ ^ p Anders^", 
K.J. Anderson^o, A. Andreazza^o^'^"'', V. Andrei^^'', 
M-L. Andrieux^s, X.S. Anduaga™, A. Angerami^*, 
F. Anghinolfi^'^, N. Anjosi^Sa^ a. Annovi'*^ 

A. Antonaki^, M. Antonelli''^ S. Antonellii^'^'i^'", 

J. Antos^sb^ F. AnuUii^^*^, S. Aoun^*, L. Aperio Bella*, 

R. Apollc"9, G. Arabidze^^ I. Araccnai**, Y. Arai*^^ 

A.T.H. Arce*4, J.P. Archambault^^, S. Arfaoui^^'^ 

J-F. Arguin", E. Arik's^'*, M. Ariki^*^, 

A.J. Armbruster^^, O. Arnaez^^, C. Arnault"*^, 

A. Artamonov^^, G. Artonii33a,i33b^ p Arutinov^", 
S. Asai'se, R. Asfandiyarov'^^^ S. Ask^^, 

B. Asman-^*''''^-''*'''^, L. Asquitli'"', K. Assamagan^*, 

A. Astburyi™, A. Astvatsatourov^^, G. Atoian'^^, 

B. Aubert*, B. Auerbachl^^ E. Augel'^ 

K. Augstcn^^^, M. Auronsscau*. N. Austin'^^, 

R. Avramidou^, D. Axen^^a, C. Ay^*, G. Azuelos^*''', 

Y. Azumal5^ M.A. Baak^^, G. Baccaglioni^o*^, 

C. Baccii35a,i35b^ ^.M. Bachi*, H. Bachacoui^^, 

K. Bachas29, G. Bachy^^, M. Backes*^ M. Backhaus^o, 

E. Badescu^s^, P. Bagnaia^^^a.issb^ g Bahinipati^, 
Y. Bai32a^ D.C. Bailcyi59^ T. Bainiss^ J.T. Baines^^o^ 
O.K. Baker^^^ M.D. Baker^*, S. Baker^^, 

F. Baltasar Dos Santos Pedrosa^^, E. Banas^^, 
P. Banerjee^*, Sw. Bancrjcc^™, D. Banfi^^, 

A. Bangerti38, V. Bansal^™, H.S. Bansil^^, L. Barak"^ 
S.P. Baranov^s, A. Barashkou^^, A. Barbaro Galtieri^*, 
T. Barbcr^'^, E.L. Barbcrio^^ D. BarbcrisSO'^'SOb^ 

M. Barbero^o, D.Y. Bardin^^, T. Barillariio°, 
M. Barisonzi^^s^ T. Barklow"*, N. Barlow^^, 

B. M. Barnett"°, R.M. Barnctti*, A. BaronccUii^Sa^ 
A.J. Barr^^9, F. Barreiro®^, J. Barreiro Guimaraes da 
Costa^^ P. Barrillon"6, R. Bartoldus^**, 

A.E. Barton^i, D. Bartsch^o, R.L. Bates^^, 



L. Batkova^^S'*, J.R. Batley^^, A. Battaglia^^, 
M. Battistin^s, G. Battistoni^O'^, F. Bauer^^?^ 
H.S. Bawa^**, B. Beare^^g^ t. Beau^^, 
P.H. Beauclieniin"9, R. Beccherle^"'*, P. Bechtle*^ 

H. P. Bccki^ M. Bcckingham^s, K.H. Bccksi7-\ 
A.J. Beddall^^^ A. Beddall^^^ V.A. Bednyakov'5^ 
C. Bee^*, M. BegeP, S. Behar Harpazi^a, 

P.K. Bchcra63, M. Bcimfordci™, 

C. Belanger-Champagneis^, p.j. Bell*^ W.H. Bell**^, 
G. Bella^s*, L. Bellagamba^^^, F. Bellina^s, 

G. Bcllomo''0'*'90b^ j^/j BcUomoi^Oa^ a. Bclloni^'', 

K. Belotskiy^^ O. Beltramcllo^^, S. Ben Ami^^^, 
O. Benaryi'^'', D. Benchekroun"6a^ c. Benchouk^*, 
M. Bcndol82, B.H. Bcncdicti*5*, N. Bcnckosi^^^ 
Y. Benhammouis*, D.P. Benjamin**, M. Benoit"^, 
J.R. Bensinger^^, K. Benslama^^S S. Bentvelsen^^^^^ 

D. Bcrgc^^, E. Bcrgcaas Kuutmann*-'^ , N. Berger*, 
F. Berghaus^™, E. Bcrglund*^, J. Beringer-'^*, 

K. Bernardet^*, P. Bernat'^'^, R. Bernhard*^, 
C. Bcrnius^*, T. Bcrry^^ A. Bertin*^^'!^'^, 

F. Bertinelli29, F. Bertoluccii23a,i23b^ 

M.I. Besana^O'*'^"^, N. Bessoni^^, S. Bethkoi"", 
W. Bhimji*^ R.M. Bianchi^s, M. Bianco^2a,72b^ 

0. Biebei^s, S.P. Bieniek^^ J. Biesiada^*, 

M. Bigliettii33a,i33b^ jj Bilokon*^, M. Bindi^^'^'i^'', 

A. Bingulis^ C. Binii33a,i33b^ ^ Biscaratl^^ 

U. Bitenc*^, K.M. Black^i, R.E. Blair^, 

J.-B. Blancllardll^ G. Blanchot^^, C. Blocker^^, 

J. Blocki^s, A. Blondcl*9, W. Blum^^, 

U. Blumenschein^*, G.J. Bobbink^o^^ 

V.B. Bobrovnikov^os^ A. Bocci**, C.R. Boddy^^^, 

M. Boehler*\ J. Boek^'^^ N. Boelaert^^, S. Boser'^'^, 

J.A. Bogaerts^^, A. Bogdanchikov^°*, A. Bogouch^^'*, 

C. Bolinii*^^, V. Boisvert7^ T. Boldi'^*'% V. Boldea^s 
M. Bona'^5, V.G. Bondarenko^'', M. Boonekamp^^'^, 

G. Boorman^^ C.N. Boothi*o, P. Booth^o, 

S. Bordoni'^9, C. Borer^^, A. Borisovi^a, G. Borissov'^^ 

I. Borjanovic^^a^ g 3Qj.j.Qj^ji33a,i33b^ ^ Bos^°^, 

D. Boscherini^^'^, M. Bosman^^, H. Boterenbrood^"^, 

D. Botterilli^o, J. Bouchami^*, J. Boudreaui24^ 

E. V. Bouhova-Thackcr''^, C. Boulahouache^^*, 

C. Bourdarios"'^, N. Bousson*^*, A. Boveia^°, J. Boyd^ 

1. R. Boyko*^^ N.I. Bozhkoi^s, I. Bozovic-Jelisavcic^^'^, 
J. Braciniki'^, A. Braem^^, E. Brambilla'^2a,72b^ 

P. Branchini^^S'*, G.W. Brandenburg^ A. Brandt^, 
G. Brandt^s, O. Brandt^*, U. Bratzler^", B. Brau^^ 
J.E. Brau"^ H.M. Braunl''^ B. Brelieri^s, 
J. Brcmcr^^, R. Brcnncr^^^, S. Bressler-'^^^, 

D. Breton"^ N.D. Brctt"^, P.G. Bright-Thomas^^ 
D. Britten-", F.M. Brochu^'^, I. Brock^o, R. Brock^^, 
T.J. Brodbeck'^\ E. Brodet^^*, F. Broggi^O'*, 

C. Bromberg*^, G. Brooijmans^*, W.K. Brooks^^'', 

G. Brown^^, E. Brubakcr^"^, 

P.A. Bruckman dc Renstrom"^^, D. Bruncko^*^'', 

R. BruneUcrc*^ S. Brunet6\ A. Bruni^^^, G. Bruni^^a 

M. Bruschi^s^, T. Buanes^^, F. Bucci*^, J. Buchanan" 
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N.J. Buchanan^, P. Buchholz^^^^ jyj Buckingham^^^, 

A. G. Bucklcy45, S.I. Buda^s^^ LA. Budagov^^s, 

B. Budickios, V. BascherS2, L. Bugge"^, 

D. Buira-Clarkiis, E.J. Buislo^ O. Bulekov^^ 

M. Bunsc42, T. Buran"^ H. Burckhart^^, S. Burdin^^^ 

T. Burgess", S. Burke"", E. Busato^^, P. Bussey^^^ 

CP. Buszello^^^, F. Butin^s, B. Butler^^^, 

J.M. Butlcr^i, CM. Buttar^^, J.M. Buttcrworth'^'^, 

W. Buttinger^^, T. Byatt^^ S. Cabrera Urban^es, 

M. Caccia^O'^'^o'', D. Caforioi^a.igb^ q. Cakir^'*, 

P. Calafiura", G. Caldcrini^^, P. Calfayan^^, 

R. Calkinsio^ L.P. Caloba^s^, R. Caloi"3a,i33b^ 

D. Calvet^^, S. Calvet^s, R. Camacho Toro^^^ 
A. Camard^^ P. Camarri"'''''"'''^, 

M. Cambiaghii20a,i20b^ Cameron^", J. Cammin^o, 
S. Campana^s, M. Campanelli^^ V. Canalcio^a.iosb^ 

F. Canclli^", A. Canepai^"^, J. Cantcro^i, 

L. Capasso"'3a,i03b^ M.D.M. Capeans Garrido^^, 
I. Caprini^sa, Caprini^s*, D. Capriottii°°, 
M. Capua36a>36b^ Caputo^^^, C Caramarcu^^*, 
R. Cardarelli"^^, T. Carli^^, G. Garlino"^'*, 
L. Carminati^O'^'SOb^ b. Caron^^^", S. Caron4^ 

C. Carpentieri^'s, G.D. Carrillo Montoya^'^^, 
A.A. Carter^s^ J.R. Garter^^, J. Garvalho^^Sa,/^ 

D. Casadeiios, M.P. Casado^S M. Cascellai23a,i23b^ 

C. Gaso50a,50b,*^ ^ ]y[_ Gastaneda Hernandczi^^^ 

E. Gastaneda-Miranda^", V. Gastillo Gimenez^^^, 
N.F. Castroi25b,a^ q Cataldi^^a^ p_ Cataneo^^, 

A. Gatinaccio^^, J.R. Catmorc^^, A. Gattai^^, 

G. Gattani"'''*'"'"', S. Gaughron8^ D. Gauzi'^Sa.iesc^ 
A. Cavallari"3'^'"3b^ p. Cavalleri^^ D. Gavalli^"'*, 
M. Gavalli-Sforza", V. Gavasinnii23a,i23b^ 

A. Gazzato^2a,72b^ p_ Ceradini"5a,i35b^ 

A.S. Cerqueira^^*, A. Cerri^^, L. Gerrito''^, 

F. Gerutti"^^, S.A. Getin"'', F. Geveniniio^a.iosb^ 

A. Ghafaq"6a^ d. Ghakrabortyi°^ K. Ghan^, 

B. Chapleau^^, J.D. Chapman^'^, J.W. Ghapman^^, 

E. Ghareyre''^ D.G. Gharltoni'', V. Ghavda^-\ 

S. Ghcatham^i, S. Ghekanov^ S.V. Ghekulaeyi^Oa^ 

G. A. Ghelkov^s, H. Ghen^^, L. Ghen^, S. Ghen32<=, 

T. Ghen32=, X. Gheni^^^ S. Gheng32a, A. Gheplakov'*^, 
V.F. Ghepurnov6^ R. Gherkaoui El Moursli^^d^ 
V. Ghernyatin24, E. Gheu^, S.L. Gheungi^^, 
L. Ghcvalier"^ F. Ghevallicr^^ G. Ghicfari"3a,i03b^ 
L. Ghikovani^i, J.T. Ghilders^^^, A. Ghilingarov'^i, 
G. Ghiodini^^a^ jy[ y chizhov^s, G. Ghoudalakis^o, 
S. Ghouridou"8, LA. Ghristidi^^ A. Ghristov^^, 

D. Ghromck-Burckhart^s M.L. Ghu^^^ J. Ghudoba^^e, 



G. Giapetti 



133a, 133b 



K. Giba-''^ A.K. Ciftci^^, 



R. Giftci^^, D. Ginca^-"^, V. Gindro^"^ 

M.D. Giobotarui64, G. Giocca^^'i^'^, A. Giocio", 

M. Girilli^s, M. Giubancan^^a, A. Glark^^, P.J. Glark^^^ 

W. Glelandi24, J.G. Glcmcns***, B. GlcmcntS^^ 

G. Glement^'^^'^'^'^'''', R.W. Glifft^^o, Y. Goadou^*, 

M. Gobalifi-'^^'i'^''^^ A. Goccaro-'^o^'SO'', J. Gochran*5^, 

P. Goe"^ J.G. Gogan"4, j. Goggeshalll<^^ 



E. Gognerasl^^ CD. Gojocaru^^, J. Colas^, 

A. P. Golijni"^ G. Gollard"6^ N.J. Gollinsi^ 
G. Gollins-Tooth53, J. Gollot^^^ G. Golon^s, 

R. Coluccia^2a,72b^ Q Comune^Q^ P. Conde Muino^^Sa^ 

E. Goniavitisi", M.G. Gonidi", M. Gonsonni^s, 

V. Gonsorti^s, S. Gonstantinescu25% G. Gontai20a,i20b^ 

F. Gonventii°3a,s^ j Cook^^, M. Cooke", 

B. D. Cooper"^^, A.M. Goopcr-Sarkari", 

N.J. Cooper-Smithes^ Copic^^, T. Cornelissen^O'^'SOb^ 

M. Gorradi^^'', F. Gorriveau^^''', A. Cortes-Gonzalez^S'', 

G. Cortianaio", G. Costa90^ M.J. Gostal<5^ 

D. Costanzoi4°, T. Costin^o, D. Cote^^, 

R. Coura Torres^^*, L. Courneyea^'^^, G. Cowan'^^, 

C. Cowdcn^e, B.E. Gox*^-\ K. Cranmer"^ 

M. Cristinziani^o, G. Crosetti36a.36b^ Cj.^pj72a,72b^ 

S. Crepe- Renaudin^^, C. Cuenca Almenar^''^, 
T. Cuhadar Donszelmann"°, S. Cuneo^o^'SOb^ 
M. Guratolo^^ C.J. Curtis^^ P. Cwetanski^i, 

H. Czirr"^ Z. Czyczula"^ S. D'Auria^^^ 
M. D'Onofrio^^^ A. D'Orazioi-'^-^^'^^b^ 

A. Da Rocha Gesualdi Mello^^^, P.V.M. Da Silva^s*, 
G. Da ViaS^ W. Dabrowski^^, A. DahlhofF^^, T. Bai^^, 

C. Dallapiccola^s, S.J. Dallisoni-^"'*, M. Dani^^, 

M. Dameri^O'^'SOb, d.S. Damiani"^ H.O. Danielsson^s, 
R. Dankers"^ D. Dannheimioo, V. Dao*^ G. Darbo^"*^, 
G.L. Darlea^sb, C. Daumioe, J.p. Dauvcrgne ^9, 
W. Davey^^ T. Davidek^^^, n. Davidson^e, 
R. Davidson'^S M. Davies^", A.R. Davison'^'^, 

E. Dawc^^^ I. Dawsoni4°, J.W. Dawson^'*, 
R.K. Daya3^ K. De^ R. de Asmundis^^^, 

S. De Castroi9a,i9b^ p ^ De Castro Faria Salgado^*, 
S. De Cecco™, J. de Graat^^, N. De Grootio^^ 
P. de Jongi°6, c. De La Taille"^, B. De Lottoi^-^^'^^^^ 
L. De Mora'^S L. De Nooij^^'^, M. De Oliveira Branco^^, 

D. De Pedis"3a^ p, Saintignon^^ A. De Salvo^^a^ 

U. De Sanctisi65'^'"5'=, A. De Santo"", 

J.B. De Vivie De Regiell^ S. Dean^^, D.V. Dedovich^s, 

J. Degenhardt^^i^ Dehchar"^ M. Deile^^, 

C. Del Papa"5'^'"5^ J. Del Peso^^, 

T. Del Pretc"3a,i23b^ DelFAcqua^^, 
L. Dell'Asta^o^'""'", M. Delia Pictra^^a.s^ 

D. della Volpe"3a,i03b^ Delmastro^^, P. Delpierre^'', 
N. Delruelle29, P.A. Delsart^^^ C. Deluca"^ 

S. Dcmcrs^es, M. Dcmichcv^''' , B. Dcmirkoz-'^^, 

J. Deng"4, S.P. Denisov^^!)^ p) Derendarz^^, 

J.E. Derkaoui"<^^ F. Derue''^, P. Dervan^^^ Desch^", 

E. Devetak"^, P.O. Devivcirosl•'^^ A. Dcwhursti-™, 

B. DeWildci49, S. Dhaliwali^^ R. DhuUipudi^*'', 

A. Di Giaccioi'''4^'"4^, L. Di Giaccio-*, A. Di Girolamo^^, 

B. Di Girolamo29, S. Di Luisci-''-'^^'"^'", A. Di Mattia^^^ 
B. Di Micco"^^^"5>^, R. Di Nardo"4a,i34b^ 

A. Di Simone"4aa34b^ ^ g—QiQaagb^ ^j^^ Diaz^i'^, 

F. Diblen"^ E.B. Diehl^^ H. Dietl"", J. Dictrich'^s^ 
T.A. Dietzsch^*^^, S. Diglioi", K. Dindar Yagci^^, 

J. Dingfelder^o, G. Dionisi"3a,i33b^ p p)ita25a^ 

S. Dita^sa, F. Dittus29, F. Djama^^, R. Djilkibaev"^, 
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T. Djobava^i, M.A.B. do Vale"^^^, 

A. Do Vallc Wcmansi^sa^ T.K.O. Doan^, M. Dobbs^^, 
R. Dobinson 29.*, D. Dobos'*^ E. Dobson^^, 

M. Dobsoni64, j. Dodd^*, O.B. Dogani^a,*, 

C. Doglioni"9, T. Dohcrty53^ Y. Doi^e.*, J. Dolejsi^^?^ 
I. Dolenc^'', Z. Dolezal^^T^ g a. Dolgoshein^^'*, 

T. Dohmae^^^, M. Donadelli^^^, M. Donega^^i^ 

J. Donini5^ J. Dopkel''^ A. Doria^^^a^ ^ Anjos^'^^, 

M. Dosil", A. Dottii23a,i23b^ y^ rj. j^^^gjo^ 

J.D. Dowell^^, A.D. Doxiadislo^ A.T. Doyle^^, 

Z. Drasali27^ j. Drces^'^s, N. Dressnandti2\ 
H. Drevermann-^'^, C. Driouichi^^, M. Dris^, 
J.G. Drohan^^ J. Dubbert^oo, T. Dubbs^^s^ g Oube", 

E. Duchovnii^^ G. Duckcck^^, A. Dudarev^^, 

F. Dudziak^-*, M. Diihrssen ^9, LP. Duerdoth^^, 
L. Duflotll^ M-A. Dufour86, M. Dunford^^, 

H. Duran Yildiz^^, R. Duxficld^o, M. Dwuznik^^, 
F. Dydak ^9, D. Dzahini^^ M. Dliren^^ 

W.L. Ebenstein*^, J. Ebke^^, S. Eckert*^ 

S. Eckwcilcr**^, K. Edmonds*^^ q Edwards'^*', 

I. Efthymiopoulos''^ W. Ehrenfeld^'i , T. Ehrichi™, 
T. Eifert2^ G. Eigen^^, K. Einsweiler", 

E. Eisenhandlcr'^s^ T. Ekelof^s?^ ^/[ Kacimi'', 
M. Ellerti67, S. Elles'', F. EUinghaus^^^ K. Ellis^^ 
N. EUis^s, J. Elmsheuser^s, M. Elsing^s, R. Ely", 

D. Emeliyanov^^^, R. EngGlniann^^9^ \_ Engl99, 

B. Epp62, A. Eppig^s, J. Erdmann^^, A. Ereditatol^ 
D. Eriksson"'^'^, J. Ernst\ M. Ernst^", J. Ernwein^^'^, 
D. Erredei*56, S. Erredei'^^ E. Ertel^^ M. Escalieri^^ 

C. Escobari68, X. Espinal Curull", B. Esposito^'', 

F. Etienne^*, A.I. Etienvre^^'^, E. Etzioni54, 

D. Evangelakou54, H. Evans^^i, L. Fabbrii9a,i9b^ 

C. Fabre29, K. Facius^^ R.M. Fakhrutdinoyi^s, 
S. Falcianoi-^3a^ j^ q Faloull^ Y. Fang^^^ 

M. Fanti90^'90b^ ^ Farbin^ A. Farilla^^Sa^ Farleyl4^ 
T. Farooque^^^, S.M. Farrington"9^ p. Farthouat29, 

D. Fasching^'^^, P. Fassnacht^^, D. Fassouliotis^, 

B. Fatholahzadehi59, A. Favareto90'*''3°'^, L. Fayard"^ 
S. Fazio^S'^.seb^ ^ Febbraro^^, P. Federic"^'', 

O.L. Fedini22, i. Fedorko29, W. Fedorko89, 

M. Fehling-Kaschek''^, L. Feligioni^^, D. FcllInann^ 

C. U. Felzmann^^, C. Feng32d, E.J. Fcng^o, 

A. B. Fenyuki29, J. Ferencei^^b^ j Ferland9^ 

B. Fernandes^^'"''''-', W. Fcrnando^^°, S. Fcrrag"''^, 

J. Ferrando^^^, V. Ferrara*^, A. Ferrari^*"^, P. Fcrrari^"^', 
R. Ferrarii20a^ a. Ferrer^^s^ m Perror''^, D. Ferrere''^ 

C. Fcrrctti^^ A. Fcrrctto Parodi'^'^'^o'^, M. Fiascaris'"^", 
F. Ficdlcr'^^ A. Filipcic^*, A. Filippas^ F. Filthauti"'\ 
M. Finckc-Koclcri^o, M.C.N. Fiolhaisi^Sa,/^ l. Fiorini", 
A. Firaii39, G. Fischcr''\ P. Fischer ^o, M.J. Fisher"o, 
S.M. Fisheri30, j. Flammcr29, M. Flcchl^s, I. Fleck"^ 
J. Fleckner^^, P. Fleischmann^^'', S. Flcischmann^^^, 

T. Flickl^^ L.R. Flores CastiUoi^^^ M.J. Flowerdew^°°, 
F. F^hlisch-'^^'', M. Fokitis^ T. Fonscca Martin^^, 

D. A. Forbush"9^ A. Formica^-'*'^, A. Forti^^, 
D. Fortin^'50'', J.M. Foster^^, D. Fournieri^'^, 



A. Foussat^^^ A.J. Fowler^*, K. Fowler^^s, H. Fox^S 

P. Francavillai23a,i23b^ g Franchinoi20a,i20b^ 

D. Francis29, T. Frank"^ M. Franklin", S. Franz^^, 
M. Fraternalii20a,i20b^ g Fratina^^i^ g ^ Prench^^, 

R. FrocschP^, D. Froidevaux29 ^ j a. Frost^'', 

C. Fukunaga^", E. FuUana Torregrosa29, J. Fuster^^^, 
G. Gabaldon29, O. Gabizon^^^ T. Gadfort^^, 

S. Gadomski49, G. Gagliardi^Oa.sob^ p Gagnon^i, 

G. Galea''^^ E.J. Gallas"^ M.V. Gallas29, V. Gallons, 

B. J. Gallopi^o, P. Gallusi26, E. Galyaev^o, K.K. Gan^io, 
Y.S. Gaoi44:fe^ v.A. Gapicnkoi29, A. Gaponcnko", 

F. Garberson^*"^, M. Garcia-Sciveres^^, C. Garcia^^^, 
J.E. Garcia Navarro49, R.W. Gardner^o, N. Garelli^s, 

H. Garitaonandia^'^®, V. Garonne^^, J. Garvey-"^^, 

G. Gatti^^ G. Gaudioi20a, Q. Gaumer49, B. Gaur"^, 
L. Gauthieri37, i.L. Gavrilenko^s, G. Gay^^s, 

G. Gaycken^o, J-C. Gayde29, E.N. Gazis9, P. Gc-^^d^ 

G. N.P. Geei30, D.A. A. Geerts^o^ Ch. Gcich-Gimbcpo, 
K. Gellerstedt"^'^'"^'', G. Gemme50% A. Gemmell^^ 
M.H. Genest^^ S. Gentile"3a,i33b^ g^ George™, 

P. Gerlachi™, A. Gershoni^*, C. GewenigerSS'^, 

H. Ghazlane^^ed^ p Ghez^, N. Gllodbane3^ 

B. Giacobbci9a, S. Giagu"3a,i33b^ y Giakoumopoulou^, 
V. Giangiobbei23a,i23b^ p Gianotti29, B. Gibbard^^, 
A. Gibsoni59, S.M. Gibson29, G.F. Gieraltowski^, 
L.M. Gilbcrt"9^ M. Gilchriese^^, V. Gilewsky92, 

D. Gillberg28, A.R. Gillmani^o, D.M. Gingrich^''', 
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I. M. Gregor^^, P. Grcnier^'*'', E. Griesmayer^^, 
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I. Nikolic-Audit^s^ K. Nikolopoulos^^, H. Nilsen4^ 
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S. Patricellii03a,i03b^ pauiy29^ Pecsy^''^^, 

M.I. Pedraza Morales"^, S.V. Peleganchuk^^s, 
H. Peng"3, R. Pcngo^^, A. Penson34, J. Penwell^i, 
M. Perantoni^'^''^, K. Perez^^'™, T. Perez Cavalcanti''\ 
E. Perez Codina", M.T. Perez Garcfa-Estan^'^s, 
V. Perez Reale^^, I. Peric^o, L. Perini^O'^'SOb, 



12 



H. Pernegger^^, R. Perrino'^^'^, P. Perrodo^, 

S. Persembe^'', V.D. Pcshekhonov^^, O. Pctcrs^o*^, 

B. A. Petersen^a, J. Petersen^^, T.C. Petersen^^, 
E. Petit^^, A. Petridisl5^ C. Petridoul5^ 

E. Pctrolol33a^ p pg^j.^ppil35a,135b^ p Petschull''\ 

M. Petteni"3, R. Pezoa^i^, A. Phan^^, A.W. Phillips^^, 
P.W. Phillips^^o, G. Piacquadio^s, E. Piccaro^^ 
M. Piccininii9^'i9^, A. Pickford^^ S.M. Picc^i, 
R. Piegaia^e, J.E. Pilcher^o, A.D. Pilkington^^, 
J. Pina^^sa,;^ jyj Pinamonti^^^^'i^^s^ A. Pinder^i^^ 
J.L. Pinfold^, J. Ping32c, B. Pintoi^s^.b^ q. Pirotte^^, 
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J. Tanaka^se^ r Tanaka"^ S. Tanakai32^ g Tanaka6^ 

Y. Tanakaio\ K. Tarns'^, N. Tannoury^^, 

G. P. Tappern29, S. Tapprogge^^ D. Tardif^^^ 
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P. Teixeira-Dias''*^, K.K. Tcmniing'*^ H. Ten Katc^^, 
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S. Veneziano^^^'*, A. Ventura^2a,72b^ Ventura^^g^ 

M. Venturi''^, N. Vcnturi^*5, V. Vcrccsi^^oa^ 

M. Verduccii39, W. Verkerke^o^ J.C. Vermeuleni°<5, 
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